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57 ABSTRACT 

A process for preparing oxo alcohols and aldehydes by the 
cobalt catalyzed hydroformylation of C to C linear or 
branched monoolefins with subsequent hydrogenation of the 
hydroformylation product, in which oxo process aqueous 
solutions of cobalt salts are converted to active hydrido 
cobalt carbonyl species in a preformer reactor under pre 
forming reaction conditions, the improvement characterized 
by the preformer reactor containing a shell-type, metal on 
substrate, preformer catalyst. 

12 Claims, 2 Drawing Sheets 
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5,600,031 
1. 

PROCESS FOR PREFORMING COBALTOUS 
SALTS USING SHELL-TYPE PREFORMER 

CATALYSTS 

The present invention relates to the oxo process for 
preparing oxo alcohols by the hydroformylation of olefins. 
Morc particularly, this invention relates to the use of a 
shell-type, metal on substrate, catalyst which is capable of 
preforming cobaltous salts, e.g., cobalt formate, in aqueous 
solutions to hydrido cobalt tetracarbonyl. 

BACKGROUND OF THE INVENTION 

The oxo process is the commercial application of the 
hydroformylation reaction for making higher alcohols and 
aldehydes from olefins. In the cobalt oxo process, an olefin 
reacts with carbon monoxide and hydrogen (i.e., syngas) at 
elevated temperatures in the presence of a cobalt carbonyl 
catalyst to produce a hydroformylation reaction product 
which is subsequently decobalted or demetalled to produce 
a crude product mixture of aldehydes, alcohols, acetals, 
formates, unreacted olefins and secondary products. Subse 
quent hydrogenation steps provide the desired finished alco 
hol products commonly referred to as oxo alcohols (i.e., 
alcohols produced by an oxonation reaction). 
One aspect of the overall cobalt oxo process involves the 

preparation of the active cobalt catalyst species which is 
hydrido cobalt tetracarbonyl (HCo(CO)). Commercial oxo 
processes employ a preforming step in which this active 
cobalt catalyst species is prepared using a noble metal 
preforming catalyst which is contacted with a cobalt salt, 
c.g., cobalt formate, to provide the desired HCo(CO) spe 
CCS. 

This preforming step is disclosed, for example, in U.S. 
Pat. No. 4,404,119, which issued Sep. 13, 1983, to Lagace 
et al. and in U.S. Pat. No. 4,255,279, which issued Mar. 10, 
1981, to Spohn et al., and U.S. Pat. No. 5,237,105, which 
issued Aug. 17, 1993, to Summedin, all of which are 
incorporated herein by reference. 

Particularly preferred preformer catalysts are set forth in 
co-pending U.S. patent application, Ser. No. 08/217,298 
(Hill, Jr. et al.), which was filed on Mar. 22, 1994, now U.S. 
Pat. No. 5,434,318. These conventional preformer catalysts 
comprise Group B and VIII metals such as palladium, 
platinum or gold. Such catalysts may be supported or 
unsupported using supports such as silica, alumina, Zeolites 
or activated carbon and other carbonaceous support mate 
rial. One particularly desirable preformer catalyst is 2 wt.% 
palladium supported on activated carbon. 
The present inventor has discovered that the use of a 

shell-type, metal on substrate, catalyst wherein the metal is 
placed on the exterior surface of the substrate as opposed to 
being uniformly impregnated throughout the entire substrate 
as are the catalyst disclosed in co-pending U.S. patent 
application, Ser. No. 08/217,298 (Hill, Jr. et al.), allows for 
improved conversion of the cobaltous salt to hydrido cobalt 
tetracarbonyl in the preformer reactor. 
The increased process efficiency obtained by utilizing the 

shell-type, metal on substrate, catalyst translates into 
increased processing capacity for a given commercial scale 
reactor. Reactor vessels can be reduced in size in direct 
proportion to the rate constant improvement allowing sig 
nificant reduction in initial capital investment for the pre 
former reactor, 

Still another advantage of the present invention is reduced 
catalyst cost while maintaining processing capacity. That is, 
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2 
a smaller amount of the shell-type catalyst of the present 
invention is required to convert a cobalt salt to the desired 
HCo(CO) compared to the amount required by conven 
tional preformer catalysts to attain similar conversion levels. 
The present invention also provides many additional 

advantages which shall become apparent as described 
below. 

SUMMARY OF THE INVENTION 

A process for preparing oxo alcohols and aldehydes by the 
cobalt catalyzed hydroformylation of C to C linear or 
branched monoolefins with subsequent hydrogenation of the 
hydroformylation product, in which oxo process aqueous 
solutions of cobalt salts are converted to active hydrido 
cobalt carbonyl species in a preformer reactor under pre 
forming reaction conditions, the preformer reactor contain 
ing a shell-type, metal on Substrate, preformer catalyst. 
The metal is preferably selected from a metal of Group IB 

or Group VIII of the Periodic Table, e.g., palladium. The 
substrate is preferably selected from the group consisting of: 
activated carbon, ion exchange resins, silica, alumina and 
Zeolites, preferably activated carbon. 
The oxo process aqueous solutions of cobalt salts are 

preferably converted to active hydrido cobalt carbonyl spe 
cies in a preformer reactor in the presence of the preformer 
catalyst, hydrogen and carbon monoxide at a pressure in the 
range between about 20.8 to 27.7 MPa and a temperature in 
the range between about 120° to 150° C. 
The preformer catalyst is a shell-type, metal on substrate, 

catalyst which comprises 0.3 to 5% by weight metal on the 
substrate. This shell-type, metal on substrate, catalyst is 
preferably formed by the following steps: impregnating the 
substrate with an aqueous metal salt solution; precipitating 
the metal; and reducing the metal. The impregnation proce 
dure is carried out such that the metal contained within the 
aqueous metal salt solution preferably impregnates the sur 
face of the substrate to a depth between about 0.10 to 0.15 

Other and further objects, advantages and features of the 
present invention will be understood by reference to the 
following specification in conjunction with the annexed 
drawings, wherein like parts have been given like numbers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an oxo process including a method for 
removing cobalt values wherein an acid-air cobalt demetal 
ling step is disposed upstream of the stripping step in a 
Cobalt Flash process; and 

FIG. 2 illustrates an oxo process including a method for 
removing cobalt values wherein an acid-air cobalt demetal 
ling step is disposed downstream of the stripping step in a 
Cobalt Flash process. 

DESCRIPTION OF THE PREFERRED 
EMBODEMENTS 

In the preforming step of the cobalt oxo process in which 
cobalt salts are convened to hydrido cobalt tetracarbonyl, 
increased catalytic activity can be observed versus conven 
tional preformer catalyst when the catalytic metal, e.g., 
palladium, is preferentially disposed about the exterior sur 
face of the catalyst substrate or support, e.g., an activated 
carbon substrate. Even more preferably, the metal penetrates 
no more than about 0.1 to 0.15 mm into the surface of an 
extruded catalyst support or substrate having a diameter of 
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about 2.0 mm or onto the surface of a granular support with 
average size of about 2.5 to 5 mm. The preforming step is 
illustrated by the following equations (1) and (2) in which 
cobalt formate is the illustrative salt undergoing conversion 
to HCo(CO) and palladium is the illustrative preformer 
Catalyst: 

COCO(CO)4]+2HCOOH-2HCo(CO)+Co(COOH), (2) 

In equation (2) above, the hydrido cobalt carbonyl (i.e., 
HCO(CO)) is liberated from CoCo(CO) by the formic 
acid which is present as a by-product of the hydroformyla 
tion process and also as a result of the preforming reaction 
shown in equation (1) above. 
The preformer step involves the reaction of cobalt salts 

such as cobalt formate or cobalt acetate in aqueous Solution 
in the presence of hydrogen and carbon monoxide at 
elevated pressure of about 3000 to 4000 psig (20.8 to 27.7 
MPa) and at a temperature of from about 120° to 150° C. 
over a shell-type, metal on substrate, catalyst. In the opera 
tion of the oxo process the cobalt formate or cobalt acetate 
in aqueous solution is obtained from an acid/air demetalling 
step, such as is disclosed in U.S. Pat. No. 5,237,105, issued 
Aug. 17, 1993, to Summerlin, or from the Cobalt Flash 
stripper bottom, followed by concentration in an evaporator 
or flash unit. An organic phase such as an alcohol or mixture 
of aldehyde/alcohol/hydrocarbon (i.e., crude oxo product) is 
processed with the aqueous solution to improve the overall 
conversion. Since hydrido cobalt tetracarbonyl has limited 
solubility in water but high solubility in organic material, 
coprocessing with an organic phase prevents the deposition 
of cobalt on the catalyst's surface because the hydrido cobalt 
tetracarbonyl is continuously extracted into the organic 
phase. The extraction of the product carbonyl into the 
organic phase effectively drives the reaction to higher con 
version. The carbon number of the organic phase is typically 
Cs to C1s. 
Once hydrido cobalt carbonyl is extracted into the organic 

phase, it can form dicobalt octacarbonyl by the following 
reversible reaction: 

The dicobalt octacarbonyl can also dissociate in the 
presence of an alcohol as indicated below: 

Dicobalt octacarbonyl can also disproportionate with 
water according to the following reaction: 

The preformer reaction resulting in the formation of 
cobalt carbonyl compound is promoted with a noble metal 
catalyst, in particular a catalyst selected from the metals of 
Group IB and VIII of the Periodic Table. Representative 
examples of useful catalyst material include gold, platinum 
and palladium. Palladium is the preferred catalytic metal. 

In accordance with the present invention it is highly 
advantageous to utilize in the preformer reaction a shell 
type, metal on substrate, catalyst. Examples of such types of 
catalyst are disclosed in International Patent Application No. 
WO 93/18856 (Schicket al.), published on Sep. 30, 1993, 
and which is incorporated herein by reference. In this 
particular type of preparation, the preferred shell-type, metal 
on substrate, catalyst is one which contains 0.3 to 5, in 
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4 
particular 0.5 to 2% by weight palladium on an activated 
carbon substrate or support, with respect to the dried cata 
lyst. The catalyst is obtained by impregnating the substrate 
with an aqueous palladium salt solution, by precipitating the 
palladium and by reduction (activation). In catalyst manu 
facture, the impregnation step is the most important step in 
that it is the primary determinant for both metal location and 
crystallite size. In particular with activated carbon Sub 
strates, it has been found that by carefully controlling the pH 
of the substrate during the metals impregnation step, the 
metal can be made to deposit preferentially in a thin shell on 
the exterior surface of the catalyst substrate. In order to 
produce the preferred shell-type catalyst, an alkaline-reac 
tion activated carbon, having in particular a pH value of at 
least 8, is impregnated with the palladium salt solution. The 
pH of the impregnating solution is carefully adjusted to 
allow precipitation of the metal and the excess fluid is 
separated after it has reached a pH value of at least 1, in 
particular at least 3 and preferably at least 4. The separation 
of the excess fluid is conducted by filtering and washing with 
water. Subsequent reduction with gaseous hydrogen com 
pletes the preparation. A particularly high activity and long 
service life, as well as a particularly simple and economical 
product process, are thus obtained. The volume of the 
aqueous palladium salt solution is about the same as the total 
pore volume of the activated carbon. The activated carbon is 
preferably agitated during addition of the aqueous palladium 
salt solution. 

Catalysts prepared by this method will typically have 
palladium deposited on the surface of the carbon substrate or 
support to a depth between 0.10 to 0.15 mm. In contrast, a 
wet impregnation without the specified pH control will 
result in metal being dispersed more uniformly from the 
center of the substrate outwardly. This shell-type catalyst 
can be preferentially used to preform cobalt salts in aqueous 
solutions to hydrido cobalt carbonyl. FIGS. 1 and 2 depict 
process schemes utilizing the preforming step. 

FIG. 1 generally depicts a method for removing cobalt 
values from the crude product of a cobalt-catalyzed hydro 
formylation reaction formed from an olefinic feedstock 
having a carbon number in the range of C4 to C, preferably 
Cs to C.7. The crude product typically contains cobalt com 
pounds in addition to an organic hydroformylation reaction 
product. 
An olefinic feedstock and syngas are introduced into oxo 

reactor 1, wherein hydroformylation is conducted under 
conventional conditions to yield a crude hydroformylation 
product containing aldehydes, alcohols, by-products and 
cobalt catalyst compounds. This crude product is carried via 
conduit 3 where it is contacted with a stream of oxygen 
containing gas, an organic acid and water, thereby producing 
a substantially cobalt-free organic hydroformylation reac 
tion product and a water soluble cobaltous Salt aqueous 
product, to settling drum or demetalling drum 5. In demet 
alling drum 5 the substantially cobalt-free crude product is 
separated from the water soluble cobaltous Salt aqueous 
product. The substantially cobalt-free organic hydroformy 
lation reaction product is diverted overhead via conduit 7 for 
further downstream treatment such as distillation and/or 
hydrogenation. The water soluble cobaltous salt aqueous 
product is carried via conduit 9 to evaporator 11 which 
concentrates the water soluble cobaltous salt, thereby pro 
ducing a concentrated aqueous solution of cobaltous Salt and 
a substantially cobalt-free water containing the organic acid, 
whereby the concentrated aqueous solution of cobaltous salt 
is separated from the substantially cobalt-free water con 
taining the organic acid. The substantially cobalt-free water 
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containing the organic acid is recycled via conduit 13 to oxo 
reactor 1. Whereas the concentrated aqueous solution of 
cobaltous salt is contacted with an alcohol stream and 
synthesis gas within conduit 15 before this mixture is passed 
to preformer reactor 17. In preformer reactor 17 the con 
centrated aqueous solution of cobaltous salt is converted to 
a cobalt carbonyl under catalytic conditions. The cobalt 
carbonyl from preformer 17 is carried via conduit 19 to 
stripper reactor 21 where it is contacted with a stream of 
stripping gas at a temperature of not greater than 100° C. and 
at a pressure below 10.13 bar, the pressure of the cobalt 
compounds at the contacting temperature, to entrain volatile 
cobalt compounds in the stripping gas and to generate as 
bottoms alcohol products and dissolved cobaltous salts; 
whereby the entrained volatile cobalt compounds are taken 
out overhead via conduit 23 and the alcohol products and 
dissolved cobaltous salts are taken out as bottoms via 
conduit 25. The alcohol products are separated from the 
dissolved cobaltous salts in settling drum 27. The dissolved 
cobaltous salts are typically in an aqueous phase, e.g., an 
aqueous salt product, which can be readily separated from 
the organic phase, i.e., the alcohol products, by gravity 
settling. The alcohol products from settling drum 27 are 
preferably recycled to conduit 15 for mixing with the 
cobaltous salt upstream of preformer reactor 17 to act as a 
preformer solvent. The cobaltous salt from settling drum 27 
is preferably recycled via conduit 29 to conduit 3 for further 
demetalling. Finally, the volatile cobalt compounds from 
conduit 23 are introduced into absorber 31 where they are 
contacted with olefinic feedstock, whereby the volatile 
cobalt compounds are absorbed into the olefinic feedstock 
and recycled to oxo reactor 1 via conduit 33. Reflux from 
absorber 31 is returned to stripper reactor 21 via reflux 
conduit 35. Optionally, syngas may also be fed into stripper 
reactor 21 via reflux conduit 35. 

In FIG. 2 an olefinic feedstock and syngas are introduced 
into an oxo reactor 1, wherein hydroformylation is con 
ducted under conventional conditions to yield a crude hydro 
formylation product containing aldehydes, alcohols, byprod 
ucts and cobalt catalyst compounds. This crude product is 
carried via conduit 50 where it is contacted with water and 
an organic acid, such as formic acid. The treated crude 
product is thereafter contacted with a stream of stripping gas 
in stripper reactor 21. The stripping typically occurs at a 
temperature of not greater than 100° C. and at a pressure 
below 10.13 bar, the pressure being lower than the decom 
position pressure of the cobalt compounds at the contacting 
temperature, to entrain volatile cobalt compounds in the 
stripping gas, whereby the entrained volatile cobalt com 
pounds are taken out overhead via conduit 23 and organic 
hydroformylation reaction products containing water 
soluble cobaltous salts dissolved therein are taken out as 
bottoms via conduit 25. The water soluble cobaltous salt is 
then separated from the organic hydroformylation reaction 
products by means of settling drum 27. The organic hydro 
formylation reaction product may be diverted from conduit 
52 via conduit 54 and recycled to the preformer reactor 17. 
The water soluble cobaltous salt is carried via conduit 56 to 
settling drum or demetalling drum 5 where it is contacted 
with a stream of oxygen-containing gas, an organic acid and 
water thereby producing a water soluble cobaltous salt 
aqueous product. The oxygen should be present in an 
amount such that the organic acid only sees the water. 
Thereafter, the water soluble cobaltous salt aqueous product 
is carried via conduit 58 to evaporator 11 which forms a 
concentrated aqueous solution of cobaltous salt and a sub 
stantially cobalt-free water containing the organic acid. The 
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6 
concentrated aqueous solution of cobaltous salt is then 
separated from the substantially cobalt-free water containing 
the organic acid, whereby the substantially cobalt-free water 
containing the organic acid is recycled via conduit 60 to 
stripper reactor 21, diverted to the optional water wash 
treatment step, or diverted to hydrogenation. The concen 
trated aqueous solution of cobaltous salt is carried via 
conduit 62 either to preformer reactor 17 or recycled to oxo 
reactor 1. However, prior to being fed to preformer reactor 
17, the concentrated cobaltous salt is contacted with an 
alcohol stream, a cobalt-free organic hydroformylation reac 
tion product, or a hydrogenation product delivered via 
conduit 54 and syngas which is delivered via conduit 64. 
This mixture is then passed to preformer reactor 17 where 
the concentrated aqueous solution of cobaltous salt is con 
verted to a cobalt carbonyl. The cobalt carbonyl is then 
carried via conduit 66 and 50 to stripper reactor 21. Finally, 
the volatile cobalt compounds which are carried from strip 
per reactor 21 via conduit 23 are sent to absorber 31 wherein 
they are returned to oxo reactor 1 via conduit 33. 

EXAMPLE 1. 

To establish a reference case, a 1% by weight palladium 
on 2.5-5.0 mm granular carbon catalyst (catalyst 1) with 
metal evenly distributed throughout the carbon support was 
tested for preforming activity in a fixed bed tubular reactor. 
Test conditions for this example 1 were as follows: 5.0 
LHSV, 1:1 cobalt water (0.94 wt.% cobalt) to hexyl alcohol, 
3000 psig (20.8 MPa), 1:1 H/CO molar ratio, and 120° C. 
LHSV equals the total volumetric liquid rate (i.e., cc/hour) 
divided by catalyst volume (i.e., cc). Catalyst 1 is represen 
tative of the conventional palladium/carbon preforming 
catalyst technology, in which the palladium is uniformly 
distributed through the catalyst particle. 

TABLE 1 

% Cobalt Formate 1st Order Reversible 
Catalyst Conversion Rate Constant, 1 hour 

20.0 1.4 
2 39.5 2.68 

1st order reversible rate constant (k) is equal to (LHSV) * X * (-ln(1 - 
X/KA)), wherein X is the fraction of cobalt formate converted at equilib 
riun and X is the fraction of cobalt formate converted at time t = 1/LHSV. 

As indicated in Table 1, the extent of preforming activity 
on catalyst 1 is quantified at 20% conversion of cobalt 
formate to hydrido cobalt tetracarbonyl. Considering test 
conditions and catalyst volume, the 20% conversion corre 
sponds to a first order reversible kinetic rate constant of 1.14 
Ihr. 

EXAMPLE 2 

A shell-type, metal on substrate, catalyst according to the 
present invention was prepared from a 1% palladium on a 
2.5-5.0 mm granular carbon substrate, with the metal pref. 
erentially loaded on the exterior surface of the carbon 
substrate. Test conditions for this example 2 were the same 
as those used in example 1 above. The results from this 
example 2 are set forth above in Table 1. 

Improved performance was observed for catalyst 2, rela 
tive to catalyst 1, as indicated by a two-fold increase in 
cobalt formate conversion. The 39.5% conversion corre 
sponds to a first order reversible kinetic rate constant of 2.68 
l/hr. 
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While I have shown and described several embodiments 
in accordance with my invention, it is to be clearly under 
stood that the same are Susceptible to numerous changes 
apparent to one skilled in the art. Therefore, I do not wish to 
be limited to the details shown and described but intend to 
show all changes and modifications which come within the 
scope of the appended claims. 
What is claimed is: 
1. A process for preparing oxo alcohols and aldehydes by 

the cobalt catalyzed hydroformylation of C. to C linear or 
branched monoolefins with subsequent hydrogenation of the 
hydroformylation product, in which OXO process aqueous 
solutions of cobalt salts are convened to active hydrido 
cobalt carbonyl species in a preformer reactor under pre 
forming reaction conditions, the improvement characterized 
by said preformer reactor containing a shell-type, metal on 
Substrate, preformer catalyst. 

2. The process according to claim 1 wherein said oxo 
process acqueous solutions of cobalt salts are converted to 
active hydrido cobalt carbonyl species in a preformer reactor 
in the presence of hydrogen and carbon monoxide at a 
pressure in the range between about 20.8 to 27.7 MPa and 
a temperature in the range between about 120° to 150° C. 

3. The process according to claim 1 wherein said shell 
type, metal on substrate, preformer catalyst comprises 0.3 to 
5% by weight metal on said substrate. 

4. The process according to claim 3 wherein said shell 
type, metal on substrate, preformer catalyst is formed by the 
following steps: 

impregnating said substrate with an aqueous metal salt 
Solution; 
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precipitating said metal; and 
reducing said metal. 
5. The process according to claim 4 wherein said aqueous 

metal salt solution is an aqueous Salt solution of a metal 
selected from the group consisting of: Group IB and Group 
VIII of the Periodic Table. 

6. The process according to claim 5 wherein said metal is 
palladium. 

7. The process according to claim 4 wherein said substrate 
is one selected from the group consisting of activated 
carbon, ion exchange resins, silica, alumina and Zeolites. 

8. The process according to claim 7 wherein said substrate 
is an alkaline-reaction activated carbon having a pH value of 
at least 8. 

9. The process according to claim 8 further comprising the 
step of separating any excess aqueous salt solution subse 
quent to said impregnation step after Said aqueous Salt 
solution has reached a pH value of at least 1. 

10. The process according to claim 4 wherein said metal 
contained within said aqueous metal salt Solution impreg 
nates the surface of said substrate to a depth between about 
0.10 to 0.15 mm. 

11. The process according to claim 1 wherein said sub 
strate is an extruded substrate. 

12. The process according to claim 11 wherein said 
substrate is a granular Substrate having a diameter of 
between about 2.5 to 5 mm. 


